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Abstract—Filterless optical networks based on ad-
vanced transmission technologies and passive optical
interconnections between nodes offer a lower-cost al-
ternative to optical networks based on active photo-
nic switching. A design and simulation platform is
proposed for studying these novel network architec-
tures and looking at their performance characteris-
tics. Simulation results are presented for three refer-
ence network topologies, along with a comparative
cost and performance study of active photonic and
passive filterless optical network solutions.

Index Terms—All-optical networks; Network
architectures; Optical network design and planning;
Routing and wavelength assignment algorithms.

I. INTRODUCTION

R ecent advances in optical transmission and elec-
trical compensation technologies have stimulated

the exploration of novel optical network architectures.
A passive wide area network (WAN) solution, called
the filterless optical network, which eliminates or
minimizes the active photonic reconfigurable compo-
nent count and uses passive splitters and combiners
for interconnecting the fiber links, has been proposed
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ecently as a cost-effective and reliable alternative to
ctive optical switching network solutions [1]. In this
aper, a filterless optical network design tool is pro-
osed and validated on a number of network topolo-
ies. Filterless solutions are presented and discussed,
long with a performance evaluation and comparison
f active switching and filterless optical networks in
erms of cost and wavelength utilization.

The paper is organized as follows. In Section II, the
lterless network concept is presented. In Section III,
filterless network design and simulation (FNDS)

ool is proposed and illustrated in a solution example.
n Section IV, filterless solutions are proposed for two
ther network topologies. Finally, in Section V, the
erformance and cost characteristics of the proposed
lterless solutions are compared with those of active
hotonic solutions.

II. FILTERLESS NETWORK CONCEPT

The filterless network concept was first introduced
n [1]. In current optically agile WAN architectures,
he agility is delivered at the network nodes. Our pro-
osal, which takes advantage of recent transmission
echnology breakthroughs, such as advanced modula-
ion formats, electronic dispersion compensation [2],
nd tunable transceivers, is based on the premise that
he need for agility can now be provided by wave-
ength tuning at the transmitter and wavelength dis-
rimination at the receiver, in much the same way as
gility is achieved in radio networks. Filterless net-
orks essentially offer a passive broadcast medium in
hich passive optical splitters and combiners are used

or interconnecting fiber links. This passive optical
etwork architecture eliminates or minimizes the
umber of active photonic switching elements in the
ptical line system. As shown in the case study pre-
ented in [1], the resulting network architecture re-
uces the installed first cost of the network at the ex-
ense of greater wavelength utilization. It can also be
xpected to bring about other significant advantages,
2010 Optical Society of America
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such as ease of maintenance and reconfigurability, as
well as good resilience and multicast capabilities.

A filterless network is based on the construction of a
set of fiber links that optically connect all nodes to
each other by using passive optical splitters and com-
biners added at some nodes. The resulting filterless
physical topology, and therefore network connectivity,
depends on the splitter and combiner configuration at
each node. A set of interconnected fibers form a fiber
tree, which is the filterless physical layer extension of
the light-tree concept defined in [3]. A light tree is es-
tablished within a single fiber tree as a function of the
unicast or multicast traffic between network nodes.

Wavelength blockers can be added as extra compo-
nents in a filterless solution to reduce the number of
wavelengths needed to meet traffic demands. These
wavelength blockers create islands of transparency in
the network and allow wavelength reuse at strategic
locations. Unlike the light-trail mesh networks intro-
duced in [4], many fewer splitters and combiners are
used, and wavelength blockers are optional in filter-
less networks. Splitters and combiners are placed only
at strategic locations at the fiber connection stage,
which further reduces cost and corresponding physical
impairments. Furthermore, all fiber trees are opti-
cally isolated from each other and can thus be treated
independently when physical impairments and wave-
length assignment are considered.

Figure 1(b) shows a filterless solution example for a
subset of the German network [5] with 7 nodes and 11
pairs of optical fiber links illustrated in Fig. 1(a). In
Fig. 1(b), each fiber tree is represented by a different
line pattern. A total of 3 fiber trees and 16 passive op-
tical dividers were used to interconnect all the net-
work nodes. In this example, a connection between
node A and node D can be set by using the light tree
represented by the black solid lines, and a number of
wavelengths can be assigned depending on the traffic
demand between these two nodes.

III. FILTERLESS NETWORK DESIGN TOOL

The filterless network design problem can be parti-
tioned into two parts: (1) establishment of the fiber
connections and (2) routing and wavelength assign-
ment (RWA) according to traffic demand. The first
step is critical, since it defines the network’s physical
connectivity, which determines the RWA solution pos-
sibilities. As described in [1], a filterless optical net-
work can be represented by a graph, and a filterless
virtual topology design problem (including param-
eters, constraints, variables, and optimization objec-
tive) can be defined.

Fiber connection and RWA algorithms have been de-
veloped for solving the filterless network design and
lanning problem. The algorithms were integrated
nto a filterless network design and simulation
FNDS) tool developed in a MATLAB environment.
or a given network physical topology and traffic ma-

rix, this tool makes it possible to determine a fiber
onnection matrix and to perform the RWA for all con-
ection requests. Various solutions can be obtained,
epending on the specific optimization parameters
number of wavelengths, number of fiber trees, num-
er of passive optical dividers, etc.). The main net-
ork characteristics can be further extracted from the

imulation results and used for performance analysis.

In the first step, a fiber connection algorithm is used
or interconnecting the nodes by using optical splitters
nd combiners without creating closed loops that
ould generate laser effects in the optically amplified

inks. It is assumed that the tunable transceivers are
quipped with electronic dispersion-compensating
odules. The only physical layer impairment consid-

red in the fiber connection algorithm is the system’s
each, which sets a maximum distance for any root-
eaf combination in a fiber tree. The objective is to es-
ablish a set of fiber trees that not only satisfies all the
onnection requests, but ensures that all the nodes
an be physically connected. This flexibility is essen-
ial in case additional connection requests are re-

ig. 1. A subset of the German network [5]: (a) Network topology
7 nodes, 11 links, 690 km diameter); (b) three-fiber-tree filterless
etwork solution. Each fiber tree is represented by a different line
attern. The longest fiber tree is 1214 km. A total of 16 passive op-
ical splitters and combiners are used for link interconnection.
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quired after the initial set of fiber trees has been con-
structed. Given the problem’s complexity, a genetic
algorithm adapted from previous work [6] was used to
explore the extremely large search space, in order to
find optimal or at least near-optimal fiber-tree solu-
tions among a population of candidates. Fitness val-
ues are attributed to these candidates, which are
based on the network’s total connectivity and the av-
erage connection length.

In the second step, routing is performed by selecting
the shortest path for each connection. The wavelength
assignment process is finally accomplished as a graph
coloring problem with a Tabu search metaheuristic
adapted from previous work [6]. Routing results are
transposed into a conflict graph, where nodes repre-
sent the network’s traffic demands. According to the
wavelength singularity constraint, conflicts exist be-
tween connections when there is at least one common
link in their paths, forcing an assignment of different
colors (or wavelengths).

As a result, the FNDS tool provides filterless net-
work solutions for performance and cost analysis,
along with comparisons with other network architec-
tures.

IV. PROPOSED FILTERLESS NETWORK SOLUTIONS

To validate the filterless network concept and to test
the FNDS tool, simulations were conducted on three
different network topologies. The filterless network
solutions were compared to active photonic network
solutions, in terms of network cost, wavelength utili-
zation, average demand length (latency), and average
number of fiber link segments per demand.

Three network topologies were considered in this
work: the 7-node subset of the German network (Fig.
1), the 10-node Italian network [7] (Fig. 2), and the 17-
node German network [5] (Fig. 3). These topologies
cover a good range of networks, with 15 links and a
diameter of 830 km for the 10-node Italian network
and 26 links and a diameter of 951 km for the 17-node
German network.

Figures 2(b) and 3(b) show the filterless solution ex-
amples obtained with the FNDS tool for the 10-node
and 17-node network topologies, respectively. In both
cases, two fiber trees were used for interconnecting all
the nodes in the network. Assuming a uniform traffic
matrix between nodes (e.g. 1 wavelength for every
possible connection), 25 and 88 wavelengths were
used in the 10-node and the 17-node network, respec-
tively.

The proposed filterless network solutions satisfy the
following constraints.

1. The laser loop constraint: no closed loop is al-
lowed in interconnecting the nodes with splitters
and combiners, in order to avoid laser effects.

2. The fiber-tree length constraint: the maximum
fiber-tree length for any leaf–root combination
was limited to 1500 km, which represents a real-
istic reach value for a long-haul WDM transmis-
sion system.

3. The wavelength utilization constraint: for wave-
length assignment, filterless solutions that mini-
mize the number of wavelengths used were
chosen.

The filterless solution examples assumed an unpro-
ected traffic demand. But, because of the broadcast
ature of filterless networks, more than one path can

ntrinsically exist for routing the traffic between two
odes, which provides a protection path for some of
he connection requests. It is interesting to note that
he 1+1 protection level (defined here as the ratio of
rotected demands to the total number of demands in
he traffic matrix) was found to be 71%, 47%, and 33%
or the proposed 7-node, 10-node, and 17-node net-
ork solutions, respectively. Although this aspect has
ot been fully covered in this study, it can be assumed
hat extra traffic protection could be provided through
omplementary fiber trees and extra capacity built in

ig. 2. The Italian network [7]: (a) Network topology (10 nodes, 15
inks, 830 km diameter); (b) two-fiber-tree filterless network solu-
ion. The longest fiber tree is 1230 km. A total of 18 passive optical
plitters and combiners are used for link interconnection.
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at nodes. Network migration and growth constitutes
another aspect that remains to be explored for filter-
less networks. At this point, it is assumed that new
nodes could be connected to the fiber trees as a filter-
less network grows, as long as the new connections
satisfy the constraints and extra splitters and combin-
ers are planned for connecting new nodes.

V. PERFORMANCE AND COST COMPARISON

In this section, the filterless solutions presented in
the previous sections are compared with active photo-
nic switching solutions with respect to network pa-
rameters and costs.

The active photonic network solutions considered in
this study are based on wavelength-selective switch
(WSS) devices, which perform per wavelength routing
in the optical domain. As shown in previous work [1],
these active photonic switching network solutions can
be considered a best-case scenario over opaque net-
works in terms of cost, switching capacity, and latency.
To achieve full switching capability, we assumed that
a WSS was required for every fiber connected to
nodes. A total of D WSSs were thus needed at nodes
with a node degree D greater than 2 [8]. Optical am-
plification (preamplifiers and postamplifiers) was also
added to compensate for the WSS insertion loss.

Fig. 3. The German network [5]: (a) Network topology (17 nodes,
26 links, 951 km diameter); (b) 2 fiber-tree filterless network solu-
tion. The longest fiber-tree is 1468 km. A total of 52 passive optical
splitters and combiners are used for link interconnection.
A comparative cost study is presented in Table I for
he 17-node German network (Fig. 3). In that exercise,
nly the passive routing cost (using passive optical
plitters and combiners in the filterless case) or the
ctive switching cost (using WSS and associated opti-
al amplifiers in the active photonic solution) are con-
idered in the calculation. The unit costs of the de-
ices (indicated in arbitrary units) can be considered
o be fairly representative of their relative costs. The
otal cost obtained for a network solution is referred to
s the “added cost.”

The results for the 17-node German network, pre-
ented in Table I, show a significant cost advantage
or the filterless solution. The added cost in the active
hotonic solution derives from the use of 38 WSS and
6 optical amplifiers. In the filterless network solu-
ion, a total of 52 passive splitters and combiners are
sed for link interconnection. The added costs were
lso calculated for the other two reference network to-
ologies considered in this study. The results, pre-

TABLE I
OMPARATIVE STUDY: ADDED COST (17-NODE GERMAN

NETWORK)

Network
Solutiona

Extra
Components Quantity

Unit Cost
(a.u.)

Total Cost
(a.u.)

ctive photonicb WSSc 38 2.5 95
Optical
amplifiers

76 1.3 98.8

Total added cost 193.8
ilterless Passive

splitters
52 0.02 1.04

Total added cost 1.04

aUniform traffic matrix (one wavelength per connection).
bActive photonic solution obtained by minimizing demand length.
cOne WSS per link (which corresponds to a number of WSS per

ode equal to the node degree for node degrees greater than 2) and
wo optical amplifiers per WSS.

ig. 4. Cost comparison of filterless and active photonic switching
olutions.
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sented in Fig. 4, indicate that filterless network solu-
tions could potentially bring about significant cost
savings.

Table II summarizes the network parameters and
costs for the filterless and active photonic solutions
considered in this study. For this comparative exer-
cise, routing was performed by selecting the shortest
path for each demand. This procedure was not com-
pletely fair, as active photonic solutions with lower
wavelength utilization could be obtained through
minimizing the number of fiber link segments, as
shown by the numbers in parentheses in Table II.
However, the results show that filterless network so-
lutions can compare well with active photonic switch-
ing solutions in terms of wavelength utilization.

Simulations carried out on the 7-node German net-
work topology show that the number of wavelengths
required to meet a traffic demand corresponding to 3
times the traffic matrix in [5] could be decreased from
105 to 74 by adding 3 wavelength blockers to the net-
work. Further work is required in order to allow the
FNDS tool to optimize the number of wavelength
blockers and their placement in the network, but this
result shows how these optional devices could be used
in a filterless network for minimizing wavelength uti-
lization.

VI. CONCLUSION

In this paper, the filterless network concept and a
filterless network design and simulation tool were
presented and validated on three different network to-
pologies. Filterless network solutions were proposed
for the three reference network topologies and com-
pared with active photonic switching solutions from
the point of view of cost and performance. The results
show that filterless solutions can be found for differ-
ent network sizes and topologies and that the pro-

TAB
NETWORK PARAMETERS FOR FILTERL

Network Topology Solution
Average Demand

Length (km)

7-node Germana Active photonicc 349
Filterless 374

10-node Italianb Active photonic 407
Filterless 488

17-node Germanb Active photonic 414
Filterless 480

aTraffic matrix in Table 9 of [5], assuming one wavelength per 10
bUniform traffic matrix (e.g., one wavelength per connection).
cAll active photonic solutions obtained by minimizing demand le
dNumber of wavelengths shown in parentheses, obtained throug
osed solutions are cost-effective relative to active
hotonic switching solutions. Furthermore, the num-
er of wavelengths used in filterless networks can be
ept within reasonable limits through optimization
nd could be potentially lowered by using only a few
avelength blockers. Based on the results of three ref-
rence networks, we can conclude that filterless net-
orks could support the same level of traffic as active
hotonic networks, but at significantly lower cost.

To obtain more realistic filterless network solutions,
he design tool needs to be refined in order to include
he main physical impairments that can be expected
o affect the performance of filterless optical links, e.g.
mplified spontaneous emission noise accumulation
nd passive splitter–combiner insertion loss. To fully
emonstrate the robustness of filterless networks and
heir real-world applicability, further simulation work
eeds to be carried out using different traffic schemes
nd levels, as well as more complex network topolo-
ies. Network migration and growth, and also traffic
rotection, are other aspects that need to be explored.
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